In this paper we present a synthesis of our results obtained on blood flow simulation in different types of blood vessels. We present first some remarks on the wall shear stress (WSS) 
GLOBAL CONDITION FOR THE "RUPTURE" OF THE VASCULAR VESSEL
Preventing the possible rupture of an abdominal aortic aneurysm (AAA) is a matter of great importance for abdominal surgery. Over the past years there have been many attempts for approaching the rupture-risk assessment. All these approaches, focused on some parameters as peak wall stress (PWS) or peak wall rupture risk (PWRR) together with the current maximum diameter approach, according to Fillinger et al., 2003 [6] and Gasser et al., 2010 [8] , use some clinical data got in vivo by CT, MRI, angiography, etc. and some medical software based on FEM techniques. In the following we will try to get a mechanical condition for predicting the rupture risk of an AAA. Such aneurysms could show up in different parts of the body (see for instance figure 1, set up by abdominal echography; this image has been obtained within "Iuliu Hatieganu" University of Medicine, Cluj-Napoca). This condition which doesn't involve clinical or experimental investigations is based on a mechanics of continua analysis. Namely, it is known that the cohesion forces which held together the particles of a continuum -as the aortic wall, are related to the internal stress T  . The analyzed rupture takes place when this internal stress of the boundary (in our case given by the general Maxwell model for viscoelasticity) is overpassed by the so-called "wall shear stress" (WSS) evaluated on the considered boundary. Let us now accept again as we did in our previous researches (Albert et al. 2013 [1] , Petrila et al. 2014 [13] ), that the blood flow in the considered vessel (under a pulsatile regime connected with the rhythmic pumping of the blood by the heart) has a nonNewtonian behavior with variable viscosity. More precisely the plasma viscosity is given by the Cross model, i.e.  is the viscosity coefficient of the blood, k a time constant and n the index for a shear thinning behavior.
The stress tensor T for the blood is given by
, I being the unit tensor, the scalar p is the physical pressure, D is the rate of strain tensor, 
These evolution equations are joined to some boundary conditions which express first the existence of a pressure gradient according to the heart beats and secondly the equality of the blood velocity at the points of the aortic wall to the "displacement" velocity of the wall. Namely, accepting an axial-symmetric geometry of axis Oz of our configuration, we have [14] ). To describe the behavior of the vessel's wall we have used (as we have already done) the generalized Maxwell model for viscoelasticity (as in Götz, 2012 [9] and in the COMSOL 3.3 documentation [4] ). We will illustrate our research for the real clinical case of a human abdominal aorta with a double aneurysm, as it can be found in the paper elaborated by Finol et al. 2002 [7] . The involved arterial segment (whose length is 9cm), the internal diameter of the unmodified zone is 8mm, the maximal internal diameter of the smaller aneurysm is 16mm and the maximal internal diameter of the larger aneurysm is 20mm. Taking 5 points of interest located on the vessel wall, we can sketch the following figure for the considered abdominal aorta (see figure 2) . The thickness of the wall is equal to 1mm. The mass density of the blood A numerical simulation for this arterial segment has been made. Evaluating the WSS along the vessel wall and focusing on the 5 particular points of the vessel wall we got the following distribution of the WSS in the case of the considered AAA ( figure 3) .
It has been shown that the maximum value for WSS is reached at a point located between the two aneurysms and it is a point located after the second one. These maximum values of WSS are, at t = 7.7s, 2.55 and 2.45, respectively. The calculations have been performed using COMSOL Multiphysics 3.3. To establish a mechanical condition whose fulfillment would lead with a high probability to the rupture of the aneurysm, we will use (the whole configuration being axialsymmetric) the cylindrical coordinates ( Concerning the wall shear stress in the same point of the boundary, observing the Cross law for the non-Newtonian flow of the blood, we can write 
If WSS overpasses t T    (both considered in absolute value) a "rupture" of the vessel wall could take place. Consequently, the mechanical condition of such a "rupture" is . 
ON THE FAHRAEUS-LINDQVIST EFFECT IN ARTERIOLES
The hemorheology studies, focused on arterioles blood flow, provide a comprehensive data base for the description of relative blood viscosity as a function of arteriole diameter, hematocrit, temperature and also of shear forces [16] .
The Fahraeus-Lindqvist effect is the migration of red blood cells (RBCs) to the axial core in arterioles. This leads to the formation of high viscosity in RBC-rich core and of a low-viscosity in an RBC-free plasma layer causing a nonlinear blood flow velocity profile [16] . We note that the aria of the cell poor layer is comparable with that of the rich red blood 
In some of these approaches backed on the Fahraeus-Lindqvist effect, blood flow in arterioles is modeled by assuming a red blood cell-rich core surrounded by a marginal cellpoor layer [2] , [16] , whereas Barbee and Cokelet [3] deduced the changes in apparent viscosity from changes in hematocrit (a measure of the proportion of blood volume that is occupied by red blood cells).
In the Fahraeus-Lindqvist effect, which was confirmed in vitro by a large number of investigators ( [2] , [3] , [18] ) the dependence of blood viscosity on hematocrit in the different vessel diameters are of great importance in the development of a correct hydrodynamic models of blood flow through the microcirculation. It will reflect also the hematocritdependent transition from single to multiple arrangements of cells in flow. We also note that the influence of shear rate on viscosity appears to be small in the shear rate range existing in the microcirculation under normal conditions. At low shear rates, as in arterioles -where a non-Newtonian model for blood flow should be used, the RBCs tend to aggregate and thus exhibit an increase of viscosity.
The viscosity also increases with the increasing of diameter when it tends to an asymptotic value for tubes whose diameter is greater than 0.5 mm [10] . The high shear stress can destroy or activate red blood cells and platelets. Platelet activation can trigger the formation of thrombus within the vessel.
The viscosity of blood during arteriole flow is strongly correlated with the volume concentration of erythrocytes within the tube, i.e., the tube hematocrit (Hct T ). However, in most studies Hct T was not measured, the known parameter being the feed hematocrit Hct F . It can be assumed that the volume concentration of the blood entering or leaving the arteriole tube (discharge hematocrit, Hct D ) equals Hct F , because phase-separation effects excluding erythrocytes from the arteriole are practically absent.
In fact Hct F is reduced compared with Hct D ; this hematocrit reduction (Fahraeus effect [17] ) depends mainly on tube diameter and hematocrit.
Using some experimental results, Pries et al. [16] found that a consistently satisfying description of the hematocrit-relative viscosity relationship is given by the following equation The parameter C describes the "curvature" of the relationship between relative apparent blood viscosity and hematocrit [16] . A value of 1 corresponds to a linear dependence, whereas values <l indicate a convex shape of the relationship toward the abscissa, as generally described for larger tubes.
The relation between C and D (in In what follows we intend to check numerically the Fahraeus-Lindqvist effect, by using an adequate mathematical model for the blood flow.
We will use a blood vessel configuration made by an axial-symmetry reservoir (artery) linked to an arteriole with the same particular geometry (axial-symmetry). More precisely the reservoir (artery) has a diameter of 400 m  , the arteriole has a constant diameter of 40 m  while the length of the whole configuration is 4mm (see figure 4) . Concerning the mathematical model for the blood flow we will use again a Cross type law, while the artery (reservoir) wall is considered to be a viscoelastic material. For the considered arteriole, its wall being made by elastic muscle cells, an elastic behavior is to be considered, while the blood flow observes the same non-linear Navier-Stokes equations with a viscosity following a Cross type law.
Using COMSOL Multiphysics 3.3, we will calculate the dynamic viscosity of the blood in the arteriole tube as a function of radius.
The obtained values, presented in figure 5 , are in accord with the Fahraeus-Lindqvist effect, i.e., a maximum value of 4.85·10 -3 Pa·s is obtained in the core (r = 0) while these values decrease towards the endothelial wall (they tend to the value of 3.45·10 -3 Pa·s). We also mention that these values, obtained using the Cross type law for the blood flow, are in the range of the values for viscosity given by Preis et al. [10] , i.e., 1.85·10 -3 Pa·s, 5.5·10 -3 Pa·s and 9·10 -3 Pa·s. To calculate the corresponding discharged hematocrit (Hct D ) as a function of the same radius, we use the equation 
A THREE DIMENSIONAL-MODEL FOR THE CAROTID ARTERY STENOSIS WITH AND WITHOUT A STENT
In what follows we intend to analyze the medical condition of a 67 years old patient hospitalized in the Neurological Clinique of Cluj-Napoca. This patient with a sudden motor deficit of the left hemicorp of plegic intensity (left hemiplegia) has been also diagnosed with Anton Babinski syndrome (the heminegligence of the left side).
As vascular factor risks we mention a long-term high blood pressure, a dislipedimy with obesity, the patient being also a permanent smoker.
Taking into account the atheromatose pathology of the internal right carotid (an irregular and nonhomogeneous atheromatose plaque with stenosis effect) there is the possibility of an embolic arterial mechanism for the involved stenosis.
Our intention is to assess the risk of a "rupture" ("jerk") for this patient by using an adequate mathematical model for the blood flow and vessels wall behavior, together with a numerical simulation in a real three dimensional case.
) at any moment t is defined by
where L is the length of the envisaged vessel tube. In figure 6 a three-dimensional reproduction of the studied Common Carotid Artery is presented where the Internal Carotid Artery presents a stenosis. This has a length of 6 cm and an internal diameter of 5 mm. We remark that despite the regular appearance of the wall, the radii of the cross sections vary along z, what justifies the three-dimensional approach. [12] . We remark that the values by Finol et al. [7] and by Papaioannou et al. [12] are obtained in configurations with some particular geometry (axial-symmetry, for instance).
This fact validates the accuracy of the Cross type non-Newtonian model for the blood flow together with the viscoelastic behavior of the vessel walls, in the case of a 3 dimensional flow domain. In figure 8 the variation of WSS in time is presented at 4 different points of the wall in the cross section z = 0.03 m, where the inner diameter of the vessel is the smallest (middle of stenosis). We can conclude that the values obtained for the WSS in the middle of the stenosis shows that it could be a real danger for a "rupture" ("jerk") risk for the envisaged patient.
Let us consider now that a carotid artery stenting (CAS) is performed. It is known that percutaneous stenting of the carotid artery when a cerebral protection device is used is feasible and effective but not without potential complications. We accept that in our case self-expandable stent of cylindrical shape is used and the endovascular procedure is conducted under embolic protection devices.
After such angioplasty and stenting, the carotid artery becomes larger so the blood flow becomes a nonocclusion laminar flow. We intend now to assess the risk of a restenosis, i.e., what is the WSS on the "new wall" made by this stent. Taking into account the material of the involved stent (a net made by Nickel and Titanium) together with the behavior of the artery's wall (viscoelastic), we could accept that the area covered by the net has a quasi-elastic behavior of Hooke type. In the case of this stent we are using the appropriate values 80 GPa for the Young modulus and 0.33 for the Poisson ration.
By using again COMSOL Multyphysics 3.3 in the case of the flow which observes the nonlinear Newton equation with a viscosity given by a Cross type law, together with the quasi-elastic behavior of the wall covered by stent, we have the following results (figure 10) for WSS along the considered arterial segment. 2 ) appearing in the paper of Z. Teng et al. [19] , we can conclude that there is no real risk of plaque "rupture" in the case of the carotid artery investigated by us.
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